o MEXICANA-DE,

s"i1Ju3id

Geophysical studies in
active volcanoes
Estudios geofisicos en
volcanes activos

J Urrutia Fucugauchi
Academia Mexicana de Ciencias

GIFT Workshop Merida 2016







i 24 - o |
! : !
1§ =
Aftlic
ey -*
T e o
. -
i i £
i o o§ * 3
! _ . &
! L1 S o
- — @ S - =
! , N :
.‘ - . - -
‘ | % E
! = Ui et
’ - v = =
i ° =
\ ° B s o = o
or ° 0 s Tropic ot eEnneom f-' 4
"f“' T T . ° © & °
' 3 e - E
3 e 0 ¥
I 5
7 Pyl o .
: o 3 o ™ :
! bt ; |
O Sy arvet = o lgan proacicclrdle &
| ° 1
¢ o0 d wos * ‘. i
: »
: i
rift ocean ridge subduction
ocean volcano (diverging ~ transform plate 3 volcano

margin)

fault plate 2

convection currents

ocean trench <

molten core

(converging margin) - &

-+-—continent



ATOSANUPURI

CHRFPU-‘I’AHA

ODAMOLYAMA
rank A (13) RISHIRLZAN ETOROFU ATOSA-DAK
rank B (36) TAISETSU-ZA}‘. SHIRETOKO |oz.ﬂi\ I:TOROFU
published geological map of volcanoes mﬁgﬁ::m | MI’QUKEBE‘_'?&NW
NISEKO Volcano Grou - RL.IRUI DAKE
CHACHA-DAKE

(as of 2005)

UNASHIRI

f , USU-ZAN
10 TORI-SHIMA & HOKKAIDO RAUSU-YAMA
B KOMA-GA-TAKE OMARI-YAMA
/ - OSHIMA O-SHIMA MASHU Caldera
g IWAKISAM alEAiA R DL
. ¥ o &P OKINAWA JIMA | AKITAYAKE-YAMA % L7 fo ESAN wuTTARA HIGASHI-TAISETSU
- 0SORE AN MARU-YAMA
submarine volcano AKITAKOMA-GATAKE HAKKODASAN
NNE of IRIOMOTE- ]
JIMA | CHO':IT:J'ISQTJ TOWADA Caldera
- - BANDAI-SAN AN e
- NUMAZAWA
HAIESE ;%ﬂ}}m KURIKOMA-YAMA
KUSATSU SHIRANE-SAN 5 NARUKO Volcano Group
ZAO-ZAN
NIIGATA YAKE-YAMA _MYOKO-SAN g e
L P A  — ADATARA-YAMA
AKANDANA-YAMA [ =< F NASU'DAK'% ARAYVAMIA
SAMBE-SAN- TURA-DAKE a NIKKO SHIRANE-SAN
o HAKU-SAN—Z =4 -SAN
ABU Volcano Group ONTAKE-SAN ASAMAYAMA
YOKO-DAKE
N o oo [t
Y e r Volcano Group 3 4
UNZEN-DAKE 2, ‘;m‘n ZU O-SHIMA g‘fﬂ*’&% 'Y
; o . N}smm OGASAWARA
A . \ NI-JIMA KAITOKU 4" sHoTO
FUKUE Volcano Group g {0 Seamount
(ON-DAKE) FUJI-SAN YAMA o N\ MIYAKEJIMA | £k ASANE &
| KOZU-SHIMA
YONEMARU and A LIS s L I0-JIMA
SUMIYOSHHKE TSURUMI and GARAN AOQ-GA-SHIMA mmq_m‘w;
KUJU-SAN BEYONESU RETSUGAN & FUKUTOKU-
SAKURA-JIMA P (MYOJIN-SHO) OKANO-BA
KAIMON-DAKE ASO SUMISU-JIMA
« . IRISHIMA-YAMA T
KUCHINOERABU-JIMA —‘0 WAKAMIKO Caldera B MINAMI-HIYOSHI &
NAKANO-SH IKEDA and YAMAGAWA Seamount
MA____» & SOFUGAN B NIKKO Seamount A
SUWANOSE-JIMA & \ SATSUMA I0-JIMA

KUCHINO-SHIMA






Volcano Parts

Crater

Main Vent
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Chamber

Eruption Cloud

Geophysics

Internal structure
Volcanic conduits
Magma processes
Eruptive processes
Volcano instability
Alteration

Volcano collapse
Debris avalanches
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TYPES OF VOLCANO

Gentle basaltic _ Fissure

slope of
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Ash-cinder volcano
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Aerogeophysics

Features

Operating speed
less than 250 km/h
Twin engine (if not
helicopter)
High-wings for
better visibility
Long (> 6 hours)
endurance with ful
operational load
(250kg plus
operator)

Short take-off &
landing
performance.










Magnetic anomaly

Elevation (m)

1,000

Post-Osceola volcanic rocks

Pre-Osceola volcanic rocks

Altered pre-Osceola
volcanic rocks

Altered post-Osceola

4 volcanic rocks

Low-resistivity zones
(< 750 2 m)

Exposed alteration

2,000

b
i

55,950,
1

Magnetic anomaly
(nT)

Uniformly magnetized t

4,000

Distance along section (m)

54,7008 e a2
B

Elevation (m)

1,600
Distance along section (m)




N46°54°

N46°52°

N46°50°

N46°48"

Mt Eninier Aerammnpoetiv ieak oo aod Tapayrphiv (shadi o Dot

Mt. Rainier Aeromagnetic (colors) and Topographic (shading) Data

Scale 1:100 000
55
|

10
]
Y
=

|
Kilometers

Wi121°40°

2280

1490

695

889

-1679



Mt. Rainier 837 Hz Resistivity {colors) and Topographic Data (shading)

5000

4000

3000

2000

1000




0 5 km

Residual Magnetic Anomaly

40700" M

BN

140744 E A 14075 E

Gl 1anT

$0M00'N

ARNE aa
A - 24
oA - B
B4 - 2B
BI - 0
] - 2F
1a - 20
1a- 18
id - 1
13 - i
igd - 12
0a - 1o
0a - 08
04 - 0B
02 - 04
O - ag
=03 - b
-0 - -0z
-0 - L
-8 - ik
=140 - =18
=12 - =10
S .
=1 = =14
-1l - -1k
-3l - =18
BELTA =20
(A/m)
Synthetic Magnetic Anomaly
{r=1.80)
B
\ 40700° N
o
FEOSE M

140040 E 8 140°50 E

o2 4 B & 10Em
T

(b)

O Hydrothermmal Albered Area

* -

l'_h "l- Caoldera Him

- Mormal Maognetization

- Raversa Mognatization

Y Funorok (=30°C)

& Fumnorake (Z30°C)

. Geatharrrl Power Flomt

[} Gestharmal Explor. Wal

% i = = Dbeervad

¥ juf‘ + 1 Caloulated

HEHE ., B
g South . Morth
-I: T"‘: ‘ll R_.‘I:u.“‘_.:::m-n-rl_"""""
L T |
[ HES T, '

£ fs S Terrain Model
EE x H Ground Surface
S F
E¥ =

K K

3 2

3 ® Bottom Depth

=' IE|h.ll =N ] i.db [N [N . . Bl [TH -] . b A ol . i - Bi. Bl ’

dietancy lam)




|:

Wi21° 50 W121° 45 “ Wi21° 50 W121° 45°
a

N4g" 54

N4g" 48" N46" 48'
¥ Post-Osceola crater & Tortary volcanics [] vocation of magnetic mode!
¢/ Faults & Glaciers === Locations of profiles in Fig. 2
# Dikes 48 Quaternary voicanics B Outline of non-magnetic
; i low-resistivity bodies
Inferred extent of alteration Locations of intense Quaternary
V4 alteration derived from AVIRIS 3 Outline of non-magnetic bodles

</ 2,100 m elevation contour unassociated with surficial low-
resistivity zones
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Kilauea volcano InSAR deformation
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Reduced to the pole magnetic anomaly of Colima volcanic complex

Observed
Calculated
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Structures affecting magnetic units

Faulting is recognized by:

offsets in apparently simila
magnetic units,

sudden discontinuities in
magnetic units,

abrupt changes of the dept
magnetic units,

linear magnetic lows, cause
oxidation-weathering of
magnetic units along a faul
plane,

linear magnetic highs, caus
precipitation of magnetic
minerals along a fault-plan

Folding can be recognized by

patterns of linear magnetic
anomalies.
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1 Scoria cone 2 Maar 3 Lava lake

strombolian phase with phreatomagmatic phase effusive phase
phreatomagmatic initial phase

- Nephelinite lava
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Tuff cone
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Valsequillo Basin, Central Mexico
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Volcan Toluquilla

Anomalia Gravimétrica
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Volcan Toluquilla. Anomalia Magnética.
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Simulation for muon detector on the Popocatepetl volcano




INuminacién césmica
Todos les dias llegan a la Tierra particulas provenieates
del Sel y otras estrellas, las cuales bombardean,
literalmente, todos los cuerpos en dl planeta (
d

pero som tan pequefias que no se perciben. Particulas

Al entrar en contacto con la atmosfera, "f/ calestes

los n(clees reaccionan y producen
una cascada de nuevas particulas

& ©on equipes sspedakes Viajan a una veloodad
lamados centsladores. Dependiendo cercana ala de lahe y senen
de B inlensidad que tengan los muonss una vida muy covta, peso

2 Begar ol desscior, genesan una imagen suficiente como pam penerar
del imarior delvolcan. kfdmetros de Sema.
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En cada punto de conexitn contara con cableado sspecial
para captar las safales que se genserea dentro de los tubes.










